P-selectin is mainly involved in the initial process of tumor cell adhesion to platelets. The aim of the present study was to determine the expression level of P-selectin in a colon tumor model affected by sinusoidal electromagnetic fields (SMF). Male Wistar albino rats aged 2-2.5 months were used. The animals were divided into the I [N-Methyl-N-Nitrosurea (MNU)], II (SMF-MNU), III (SMF) and IV (control) groups. The rats were housed five per polycarbonate cage. Sixty milligrams of MNU was dissolved in 6 ml sterile 0.9% NaCl. Prepared solutions were administered intra rectally (i.r.) to the 1st and 3rd groups as 0.2 ml/per animal. The same procedure was applied to the 2nd and 4th groups, although 0.2 ml/per animal sterile isotonic solution was administered instead. This procedure was repeated once a week for 10 weeks. Following the administration of MNU, the 2nd and 3rd groups were exposed to a sinusoidal magnetic field (SMF, 50 Hz, 5 mT) for 6 h/day for 8 months. P-selectin expression of the four groups of rat colon tissues was determined using immunohistochemistry on paraffin sections. The labeled streptavidin biotin method was performed. Fisher's exact test was used for differences between proportions. Results showed that there was no statistically significant (P>0.05) change in the expression level of P-selectin. However, this result should be verified by both in vivo and in vitro experiments to determine the effects of the magnetic fields on P-selectin.
Introduction
One of the major man-induced enviromental changes, which occurred in the last century, is the continued use of oscillating electromagnetic fields (EMF). These fields are generated for communication purposes, via the radio, television and cell phones, or as by-products of technology established for visualization purposes as in the case of computer and television screens, or from power lines. Electromagnetic radiation at this wavelength range is considered harmless and therefore insignificant as a pollutant when compared to the health dangers associated with, for instance, smog-generating fuel. However, with the identification of major sources of enviromental pollution investigation into the biological effects of these EMF is necessary (1) .
Findings of previous studies have demonstrated variations in cell proliferation and apoptosis subsequent to exposure to ELF fields (2, 3) , while such changes have not been identified in other studies (4) . Thus, a careful examination of the literature in this field suggests that more studies examining the role of ELF fields in cancer should be conducted. Cancer cell proliferation and apoptosis, invasion, and metastasis are complex phenomena controlled by an even more complex series of pathways, which communicate mutually through a number of signaling cascades. Thus, cell adhesion molecules (CAMs) play a key role in this process. CAMs and their receptors mediate cell-cell and cell-matrix interactions and are key in tumor growth, invasion, metastasis and death. The CAMs principally involved in these processes are those directed against important components of the extracellular matrix such as fibronectin, collagen, laminin, hyaluronan, heparan sulfate and elastin. Although a limited number of studies examining the effects of magnetic fields on cell adhesion are available, important insights into this issue have been previously provided (5) .
Stimulated endothelial cells and activated platelets express P-selectin (CD62P), a member of the selectin family of CAMs, which interacts with P-selectin glycoprotein ligand 1 (PSGL-1, CD162) for leukocyte rolling on the stimulated endothelial cells as well as for the heterotypic aggregation of activated platelets onto leukocytes (6) . Cross-linking of PSGL-1 by P-selectin also primes leukocytes in an intracellular manner for cytokine and chemoattractant-induced integrin activation for the firm adhesion of leukocytes. Furthermore, P-selectin mediates the heterotypic aggregation of activated platelets to cancer cells and adhesion of cancer cells to stimulated endothelial cells. Findings of in vivo experimental studies (7) indicate that P-selectin is important in the growth and metastasis of cancers. In this regard, the elucidation of the molecular mechanisms responsible for the regulation of the expression of these different P-selectin ligand molecules in various human cancer cells may yield noteworthy results (6, 7) .
The aim of the present study was to determine the expression level of P-selectin in a colon tumor model that was affected by sinusoidal electromagnetic fields (SMF).
Materials and methods
Animals. Healthy male Wistar albino rats, aged 2-2.5 months, were employed in the present study. A duration of one week prior to the experimental period was maintained for the compliance and controls of experimental animals. Animals were divided into four groups (Table I) .
The animals were cared for in accordance with the Guide for the Care and Use of Laboratory Animals (National Research Council 1996).
Rats were housed five per polycarbonate cage (standard cages for all groups were cleaned twice a week). Water and pelleted diet were available ad libitum. The animal room was maintained between 23 and 25˚C and relative humidity was between 35 and 65%.
Carcinogen administration. Sixty milligrams N-Methyl-N-Nitrosurea (MNU) (Sigma Chemical Co., Dorset, England) was dissolved in 6 ml sterile isotonic solution (0.9% NaCl). Prepared solutions were administered intra rectally (i.r.) to the MNU and SMF+MNU groups as 0.2 ml/per animal. A number 8 feeding tube was inserted 6 cm into the rectum and the solution was administered. The same procedure was applied to the SMF and control groups, although 0.2 ml/per animal sterile isotonic solution was administered instead. This procedure was repeated once a week for 10 weeks.
Application of magnetic field. Twelve serially connected copper solenoid coils generated the magnetic fields, each having 560 turns. The cores of the coils were filled with soft iron rods and tightened to increase the magnetic flux intensity. Plastic cages were used to avoid the magnetic field strength distribution being affected. The coils were vertically placed and the cages were held 1.2 cm above the coils to hinder them from probable vibration. To protect the cages from heat of the coils, 1 cm thick wooden plates were placed between the coils and cages. The coils were connected to the 220 V 50 Hz sinusoidal city electric systems. When current passed through the coils, the magnetic flux intensities were measured at five different places inside the cages to be 5 mT. For measurement, we used a Leybold Heraeus 54050 model Hall effect teslameter.
Histological processing. Animals from all the groups were sacrificed 8 months after the first i.r. injections of MNU. Immediately after sacrifice, colons were removed, sectioned along the longitudinal axis, and fixed flat in 10% buffered formalin for 24 h at room temperature. We photographed and/or checked the aberration of the surface of colon mucosa.
Immunohistochemistry and evaluation. For immunohistochemical analysis, the labeled streptavidin-biotin method was performed using a Vectastain Universal Quick kit (Vector Laboratories, Burlingame, CA, USA) with microwave accentuation. The paraffin-embedded sections were heated for 30 min at 65˚C, deparrafinized in xylene and rehydrated through graded alcohols at room temperature. A 0.05 M Tris-HCl buffer (pH 7.6) was used to prepare solutions and for washes between various steps. Incubations were performed in a humidified chamber. Sections (4 µm) were treated for 20 min at room temperature with 5% BSA and incubated overnight at 4˚C with primary antibodies against P-selectin (BD Pharmingen, San Diego, CA, USA). For each case, negative controls were performed on serial sections. Incubation with the primary antibody was omitted for the control group. Horseradish peroxidase activity was visualized by treatment with H 2 O 2 and diaminobenzidine for 5 min. The sections were then weakly counterstained with hematoxylin.
A semiquantative analysis of the immunohistochemistry was performed to determine the approximate percentage of cells expressing P-selectin as follows: absent (-), 0% expression; slight (+), up to 20% of cells positive; moderate (++), 21-50% of cells positive; and strong (+++), >50% of cells positive.
Histopathological examination. Histological evaluation was performed by routine procedures with hematoxylin and eosin (H&E) staining. The stained sections were examined for grade of histological abnormality.
Results
Healthy, male, Wistar albino rats, aged 2-2.5 months, were were divided into four groups and the colons were examined. Staining score frequency (%) No appreciable change in food consumption was observed among the different groups of rats. Fisher's exact test was used to calculate the differences between proportions. No statistically significant (P>0.05) changes in the expression level of P-selectin were identified (Table II) .
Discussion
Electric and magnetic fields associated with the production, transmission and use of electricity are ubiquitous in industrialized society. These electric and magnetic fields are predominantly of low frequency (60 Hz in the US, 50 Hz in Europe and Japan) and generally of low intensity. Electric fields exist when there is electric potential in a line, while magnetic fields exist only when there is current flow (8) . Since both electric and magnetic fields often occur together and are interactive, these fields have often been referred to as electric and magnetic fields or EMFs. Previous studies have focused on the potential adverse biological effects of exposure to magnetic fields. The residential exposures in most homes to magnetic field intensities are <2 milligauss (mG), which is equivalent to 0.2 microtesla although some areas in homes may exceed this field intensity. In certain industrial settings, the mean workplace magnetic field exposure may exceed 10 mG (9) .
Recent studies have investigated the effects of EMFs concurrently with technological advances. While several studies suggested that EMF exposure induces immune cell activation and DNA damage (10, 11) , the findings of other studies indicated that the effects of EMF inhibit preneoplastic lesions, resulting in the reduction of cell proliferation (3) . A number of studies focused on the potential effects of EMF at cancer treatment (12, 13) .
Metastasis is a cascade of cell events by which cancer cells establish new colonies at distant sites in the body (14, 15) . It comprises multiple, consecutive steps. Several CAMs are involved in the various stages of cancer metastasis (16) . P-selectin has been shown to bind to several human cancers and human cancer-derived cell lines, such as colon cancer, lung cancer including small-cell lung cancer, breast cancer, malignant melanoma, gastric cancer, neuroblastoma and adenoid cystic carcinoma of the salivary gland. In vivo experimental evidence has indicated that P-selectin is important in the growth and metastasis of cancers (7, 17, 18) . Of note therefore is the elucidation of the molecular mechanisms responsible for the regulation of the expression of these different P-selectin ligand molecules in various human cancer cells (6, 19, 20) .
The expression of P-selectin is regulated at the transcriptional level, with tumor necrosis factor-α inducing P-selectin expression in mouse and bovine endothelial cells (21, 22) . By contrast, interleukin-4 and ontostatin M induce P-selectin expression in human umbilical vein endothelial cells, which can last up to 72 h (23) . However, the mechanisms involved in this pathway remain to be determined (6, 7) .
Immunohistochemical studies of P-selectin expression in this model demonstrated no statistically significant (P>0.05) differences between the groups. Zhang et al (24) have shown no effects of pulsed EMF on the expression of another CAM, integrin, in osteosarcoma cell lines. Further studies should be performed to verify the findings of this study, including new methods for P-selectin detection in vivo and in vitro. Additionally, the relative effect of the magnetic fields on this molecule and the correlation with metastatic events should be detemined.
